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Abstract: Exercise in different settings has become a fundamental part of Huntington’s disease (HD)
management. The aim of this systematic review and meta-analysis was to investigate the effectiveness
of home-based exercises (HBE) in HD. Randomized controlled trials (RCTs) investigating the effect
of HBE on motor, cognitive, or health-related quality of life (QoL) outcomes in HD were included.
Standardized mean difference (SMD), the 95% confidence interval, and p-values were calculated by
comparing the outcomes change between HBE and control groups. Seven RCTs met the inclusion
criteria. The included RCTs prescribed different types of HBEs, i.e., aerobic strengthening, walking,
balance, and fine motor exercises. The HBE protocol length was between 6 and 36 weeks. The
meta-analyses showed a significant effect of HBE intervention on motor function measure by Unified
Huntington Disease Rating and overall QoL measure by Short Form−36 post-treatment respectively,
[SMD = 0.481, p = 0.048], [SMD = 0.378, p = 0.003]. The pooled analysis did not detect significant
changes in cognition, gait characteristics, or functional balance scales. The current study shows the
positive effect of HBE in HD, especially on motor function and QoL. No significant adverse events
were reported. The current results support the clinical effect of HBE intervention on motor function
and QoL in HD patients. However, these results should be taken with caution due to the limited
available evidence. Well-designed clinical studies that consider the disease severity and stages are
required in the future.

Keywords: Huntington’s disease; home-based exercise; physiotherapy; motor function; cognition;
quality of life

1. Introduction

Huntington’s disease (HD) is an autosomal dominant inherited degenerative disease
of the basal ganglia that has a detrimental effect on physical, cognitive, and psychological
status [1]. Individuals with HD display a gradual worsening in mobility and participation,
which directly affects their activities of daily living and quality of life (QoL) [2]. The
HD course affects the cognitive and psychological status early, while mobility is impacted
negatively by several motor manifestations, such as dystonia, chorea, and bradykinesia [2,3].
HD onset is usually between 20 and 60 years of age, and progresses over an average of
20 years [4]. Although the genetic basis of HD is known, however, the genetic mechanisms
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are still unknown [5]. Indeed, there are some conflicting hypotheses about what is actually
toxic (e.g., RNA or protein), as well as about the potential mechanism of toxicity [5]. Thus,
the currently available interventions are still limited to symptomatic treatment [4].

Physiotherapy interventions such as balance exercises, aerobic exercise, gait train-
ing, breathing exercises, postural control training, and strength exercise have become a
fundamental part of managing HD [3,6]. Moreover, previous systematic reviews and
randomized control trials (RCT) have shown that exercise improves motor function (gait
speed, step length, and walking capacity), balance ability, fitness, and QoL in persons with
neurodegenerative diseases such as HD [3,7–14]. Despite these benefits, questions remain
regarding the optimal location, supervision amount, delivery approach, duration, intensity,
and type of exercise to reach these benefits [15]. This is not surprising because previous
research used a wide range of exercises, with different locations, amount, intensity, and
amount of supervision [16–19]. Previous studies reported different types of exercise as
individual center-based or structured home-based exercise, fully supervised sessions at
a center, minimally supervised at home, or a combination of both supervised center and
home exercise [9,16–20]. Since HD is progressive and people with HD have a near-normal
life expectancy [21], prescribing sustainable and effective exercise programs for people
with HD is essential.

In this context, Home-Based Exercise (HBE) interventions represent a model of care
for people with HD and have the potential to be sustained over a long period with minimal
or little resources. In addition, they emerged as successful strategies for rehabilitation and
physical exercise maintenance even during the COVID-19 outbreak, being substantially
appreciated by patients with movement disorders such as Parkinson’s disease [22]. More-
over, a previous systematic review reported a significant beneficial effect for patients with
multiple sclerosis [23]. Indeed, HBE (supervised or non-supervised) training represents
promising strategies in the therapeutic scenario of neurological diseases [22,23].

However, the current literature provides controversial results and recommendations
regarding the effectiveness of HBE for HD patients. To our knowledge, there are no
systematic reviews that have specifically investigated the effectiveness, feasibility, and
adherence of HBE for people with HD. Indeed, previous systematic reviews have aimed
to investigate the effectiveness of physiotherapy interventions (mixed center-based and
home-based) on people with HD. Thus, the aim of this systematic review and meta-analysis
is to assess the effectiveness of HBE on motor function, cognition, and health-related quality
of life in patients with HB.

2. Materials and Methods

This systematic review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses reporting guidelines [24].

We followed the PICOS framework to organize the inclusion criteria. Population (P):
Adults with Huntington’s disease; intervention (I): predominantly home-based prescribed
exercise involved physical practice of exercises targeting gait and/or balance and/or
cognitive and/or quality of life, >2 sessions over >2 weeks prescribed by a physiotherapist
or health professional, with no or minimal supervision; comparison (C): control group
receiving no intervention, usual care, or a placebo intervention, or center-based exercise,
where the center-based exercise is equivalent in terms of dose and type of intervention to
that of the home-based prescribed exercise; (O): the primary outcome is related to motor
ability, and the secondary outcomes include cognitive and quality of life and disability;
study design (S): randomized controlled trials (RCTs) published in English language.

Studies meeting any of the following criteria were excluded: (1) Studies including
participants with neurodegenerative disease (Parkinson’s disease or Alzheimer’s disease)
other than HD; (2) studies published as conference abstracts, dissertations, or in books; and
(3) studies without sufficient data to enable pooling of data.
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2.1. Data Search and Study Selection

A comprehensive computerized search of the MEDLINE via PubMed, Scopus, and
Physiotherapy Evidence Database (PEDro) databases was conducted until August 2022.
Search and MeSH terms were Huntington’s disease, Huntington’s chorea, chorea, physio-
therapy, exercise, home-based therapy, home-based exercise, rehabilitation, exercise therapy,
exercise, stretching, strengthening, daily living, activity, mobility, postural control, posture,
falls, function, gait, mobility, balance, quality of life, randomized, and quasi-randomized.
In addition, the reference lists of included articles were screened for further candidate
publications. The PUBMED database search strategy was as follows: (("Huntington Dis-
ease" [Mesh] OR Huntington’s Disease OR Huntingtons Disease AND (Exercise [Mesh] OR
Exercises OR Physical Activity OR Home-based Exercise OR Home-setting OR Self-exercise
OR Physical Therapy OR Physical Exercise OR Physical Therapy modalities [MeSH])) AND
(Randomized clinical trial [Publication type]). Study inclusion was decided independently
by two authors (M.A. and M.E.) based on the inclusion criteria.

2.2. Data Extraction

Two authors (M.E. and H.H.) independently extracted the following data: (i) demo-
graphic characteristics including sample size, age, and disease stage; (ii) HBE dose and
type of exercise, percentage of exercise delivered at home, and adherence (the percentage
of sessions undertaken/total prescribed sessions); (iii) outcomes used, timing of measure-
ments (pre, post, and follow up), and result at each time point (mean, standard deviation,
and number of participants). Disagreements were resolved through discussion or, if re-
quired, adjudication by a third author (T.S.). If the original data was unclear or lacking
adequate data, the researchers attempted to contact the corresponding authors to provide
missing data.

2.3. Risk of Bias and Quality Assessment

The methodological quality of the included trials was assessed by extracting PEDro
Scale scores from the (https://www.pedro.org.au (accessed on 16 September 2022)). The
PEDro scale includes 10 items for assessment of trial quality based on whether the trials
report the randomization procedure, concealed allocation, blinding of patients, blind-
ing of participants, blinding of assessors, adequate follow-up, intention-to-treat analysis,
between-group comparability, between-group statistical comparison, and point estimate
and variability.

2.4. Data Synthesis and Meta-Analysis

Standardized mean difference (SMD), confidence interval (CI) at 95%, and p-value
were calculated by comparing the change in the study outcomes between HBE and the usual
care using the random-effect model of analysis [25,26]. Heterogeneity in effect size was
examined by calculating the I2 index [27]. The significance level was set at a P of up to 0.05
for the SMD and heterogeneity. Meta-analyses were carried out using the comprehensive
meta-analysis, version 2.2.064 software package (Biostat, Englewood, NJ, USA).

3. Results
3.1. Study Selection

A total of 7 studies were included (Table 1). Databases and hand searches provided
55 publications. After adjusting for duplication, 9 studies have been removed. Based on
the title and abstract, 34 articles were excluded; 18 articles were excluded because of the
included participants or intervention, and 14 studies because of the study design. Of the
remaining 12, 5 articles did not meet the inclusion criteria. Finally, 7 trials met the inclusion
criteria, and 5 were included in the meta-analysis (Figure 1).

https://www.pedro.org.au
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Table 1. The summary and characteristics of the included studies.

Study
PEDro
Total
Score

Participants,
Demographical,

and Clinical
Data

Outcome
Measurements

Type and Duration of
Intervention Main Results Adherence

Rate

Khalil et al.
2013 5

N = 25
Age = 52.5 ± 13.5

Disease
stage = Mild to
moderate HD

UHDRS-MS;
Gait speed

using GaitRite,
BBS, Chair sit to

stand test,
average of daily

steps and
SF-36.

Exp: supervised home
exercise program using a

DVD and a walking
program.

One home visit to teach the
program and then weekly

follow-up phone calls.
CG: continued usual care.

75 min × 3 times a
week × 8 weeks

Exp group had
significant

improvements in
gait speed,

balance
sit-to-stand test,

average daily
steps, and

UHDRS-mMS.
No significant
changes in the

SF-36.

80%

Kloos et al.
2013 3

N = 24
Age = 50.7 ± 14.7

Disease
stage = NR

ABC scale;
WHOQOL-

Brief

Exp: participants played
the video game Dance

Revolution with therapist
supervision in homes.

CG: played a handheld
video game unsupervised.

45 min × 2 times a
week × 6 weeks

No significant
changes in the
ABC scale and

WHOQOL Brief.

NR

Reyes et al.
2015 7

N = 18
Age = 56 ± 10.2

Disease
stage = NR

Swallowing
QOL

questionnaire

Exp: home-based resistive
inspiratory and expiratory

muscle training
progressively increased

resistance from 30% to 75%
of each patient’s maximum

respiratory pressure;
CG: fixed resistance of 9

cmH2O.
5 sets of 5 reps × 6 days

per week × 4 months

Exp group had no
significant

improvement in
swallowing the

QOL
questionnaire

compared to CG.

100%

Quinn et al.
2014 7

N = 30
Age = 57 ± 10.1

Disease
stage = middle

stage

UHDRS-ms;
UHDRS

cognitive; BBS,
10 MWT (SS

and FS), chair
sit-to-stand test;
HDQOL, EQ5D

Health Index

Exp: home-based
task-specific intervention

program was
individualized to

participants’ specific
activity limitations in
walking, sit-to-stand

transfers, and standing
ability and modified to

their home environments.
CG: usual care.

60 min × 2 times a
week × 8 weeks

Exp group
showed a small
effect size in all

measures.

96.9%
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Table 1. Cont.

Study
PEDro
Total
Score

Participants,
Demographical,

and Clinical
Data

Outcome
Measurements

Type and Duration of
Intervention Main Results Adherence

Rate

Busse et al.
2013 7

N = 31
Age = 53.3 ± 12.5

Disease
stage = early to

middle

UHDRS-ms,
UHDRS

cognitive
10 MWT (SS

and FS), Chair
sit-to-stand test,
Romberg test,
average daily
step, SF-36.

Exp: Supervised gym
sessions of stationary
cycling and resistance

exercises and
unsupervised home-based

walking program
consisting of (1) aerobic

training at 55%–75%
age-predicted maximal HR
& moderate to hard levels
of exertion on Borg RPE

(4–6); (2) strength training
for trunk/LE muscles

progressed to 2 sets of 8–12
reps at 60–70% of

participant’s 1 repetition
max and (3) walking at
moderate to somewhat

hard (3–4 Borg scale)
intensities;

CG: usual care.
30 min × 1 time per week
(gym); 2 times per week

(home) × 12 Weeks.

Exp group had a
significant

improvement in
SF-36 Mental
Component

Summary score
and

non-significant
improvements in
UHDRS cognitive
scores and Chair
sit-to-stand test.

82%

Cruickshank
et al. 2018 7

N = 18
Age = 52.5 ± 5.4

Disease
stage = middle

stage

10-MWT (SS
and FS), BBS,

Chair
sit-to-stand test.

Exp: supervised exercise
aerobic (cycle ergometer)
and resistance (machines)
strengthening exercises,

walking, balance, and fine
motor exercises. Cognitive
therapy (paper and pencil

and cognitive exercises)
and ADL. Gym: 60 m.

once/week followed by
home: 60 m. session per

3 times/week for 36 weeks.
CG: Usual care medication

Exp group had no
significant

improvement in
gait speed, BBS,
and sit-to-stand

test.

56%

Thompson
et al., 2012 6

N = 20
Age = 53.05 ± 2.75

Disease
stage = Early to

middle stage

UHDRS-ms,
ABC, SDMT,

HVLT-R, SF-36,
and HDQOL

Exp: the gym exercise
comprised of supervised

group sessions
5 min. warm-up, 10 min.
aerobic exercise, 40 min.

resistance exercise, 5 min.
cool-down, once/week for

36 weeks;
A tailored, self-monitored

home-based exercise
3 times /week for

24 weeks and OT 1 h
CG: Usual care

Exp group has
significant

improvement in
motor function,

balance,
depression,

cognition, and
QoL

56%

Abbreviations: N: numbers; Exp: experimental group; CG: control group; HD: Huntington’s Disease; NR: not
reported; UHDR-ms: Unified Huntington’s Disease Rating Scale-motor score; BBS: Berg Balance scale; ABC:
Activities-Specific Balance Confidence scale; 10 MWT (SS and FS): 10 m walking test (self-selected and fast selected);
WHOQOL-Bref: World Health Organization Quality of Life—Bref; HDQOL: Huntington’s Disease Health-related
quality of life; SDMT: Symbol Digit Modalities Test; HVLT-R: Hopkins Verbal Learning Test-Revised.
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Figure 1. Screening process for systematic review in accordance with PRISMA.

3.2. Study and Participant Characteristics

A total of seven trials (Table 1) constituted 166 participants compared HBE with usual
care or placebo. The mean age of the participants across the trials ranged between 50 and
57 years, with a reported standard deviation (SD) between 2.75 and 14.7 years. All the
included studies enrolled both male and female participants except one study [9], where
the gender of the participants was not specified. Five studies reported disease severity,
three studies included participants with early to moderate disease stages [10,28], one study
included participants with mild to moderate disease stages [9], and one study included
participants with moderate disease stages [18].

3.3. Quality and Risk of Bias

The mean PEDro score of the studies was 6 (range: 3–7) (Table 1). The outcome
assessors were blinded in all articles except two [9,17]. All trials carried out an intention-to-
treat analysis except [29], and four studies [10,17–19] reported concealed allocation.

3.4. Intervention

The included studies prescribed different types of exercises, including multimodal
training in five studies (i.e., aerobic (cycle ergometer), resistance (machines) strengthening
exercises, walking, balance, and fine motor exercises) [9,10,18,20,28]. Two studies involved
video game dance exercises [29] and resistive inspiratory and expiratory muscle train-
ing [17]. The intervention protocols used in the included studies lasted between 6 and
36 weeks. Training frequency ranged between 2–6 sessions per week with a duration of
25–75 min per session. Interventions used DVD [9], exercise manual [20], and self- or
coach-guide [10,17,18,28,29].
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3.5. Effect of HBE on Primary Outcomes (Motor Function Ability)

A total of four studies assessed motor function ability using the Unified Huntington
Disease Rating Scale (UHDRS), of which three found a beneficial effect of HBE [9,18,28]
and one found no significant changes [10]. Three studies [9,10,18] could be meta-analyzed,
including 86 participants, with pooled analysis showing a small significant effect of HBE
on motor function [SMD = 0.481, 95% (CI) = −0.004 0.958; p = 0.048], I2 = 85.2%, p = 0.000
(Figure 2).
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A total of five studies measured gait speed, of which three studies used the Timed
10-Meter Walk Test (10-MWT) self-paced and fast-paced [10,18,20], and two studies used
the GAITRite system [9,29]. The pooled analysis includes 79 participants showed no
significant differences between HBE and the control group after intervention (SMD = 0.056;
95% CI = −0.869 to 0.981; p = 0.905), I2 = 0%, p = 0.261 (Figure 3).

A total of six studies reported the effect of HBE on the Berg Balance Scale (BBS),
Romberg test, and Activities-Specific Balance Confidence Scale [9,10,18,20,28,29]. The
pooled SMD, including 73 participants, was not improved significantly after HBE inter-
ventions for BBS (SMD = 0.479; 95% CI = −0.068–1.025; p = 0.086), I2 = 87.6%, p = 0.000)
(Figure 3).

A total of four studies, including 104 participants, analyzed the effect of HBE on
the sit-to-stand test [9,10,18,20]. There was no significant difference between the HBE
and the control groups regarding sit to stand test after the intervention (SMD = 0.429;
95% CI = −0.031 to 0.889; p = 0.068), I2 = 74%, p = 0.001) (Figure 3).

A total of two studies, including 56 participants, reported the effect of HBE on the
average of active daily steps (ADS) [9,10], with pooled results indicating no significant
effects of HBE on ADS (SMD = 0.423; 95% CI = −0.250 to 1.095; p = 0.218), I2 = 68%,
p = 0.003) (Figure 3).

3.6. Effect of HBE on Secondary Outcomes
3.6.1. Cognition

A total of three studies assessed different measures of cognition (e.g., Symbol Digit
Modalities Test (SDMT), Hopkins Verbal Learning Test-Revised (HVLT-R), Colour Word
Interference), with two used UHDR-cognitive scales reporting no beneficial effect of
HBE [10,18] and one finding significant changes [28]. A total of two studies, including
61 participants [10,18], could be meta-analyzed, with pooled analysis showing no signifi-
cant effect of HBE on cognitive abilities [SMD = 0.191, 95% (CI) = −0.391–0.772; p = 0.520],
I2 = 50%, p = 0.71 (Figure 2).
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conventional interventions on gait speed. 10-MWT: 10-m walk test [10,18,20]; ADS: average daily
steps [9,10]; BBS: Berg Balance scale [9,18,20] and sit-to-stand test [9,10,18,20]; CI: confidence interval.

3.6.2. Health-Related Quality of Life

A total of six studies assessed QoL, of which two used the 36-Item Short Form Health
Survey (SF-36) [9,10], one used the swallowing quality of life questionnaire [17], one
used the EuroQoL 5-item questionnaire and the Huntington’s Disease Health-related
quality of life (HDQoL) [18], one used the World Health Organization Quality of Life—Bref
(WHOQOL-Bref) assessment [29], and one used the SF-36v2 Health Questionnaire and
Huntington’s-Disease Quality of Life Battery for Carers [28]. A total of two studies used SF-
36, including 56 participants, which could be meta-analyzed. The pooled analysis revealed
significant effects of HBE on overall QoL [SMD = 0.378, 95% (CI) = 0.128–0.627; p = 0.003],
I2 = 27.8%, p = 0.239 (Figure 4). However, the pooled analysis of the SF-36 domains (bodily
pain, general health perception, mental component summary, mental health, physical
component summary, physical functioning, role limitation due to emotional problems, role
limitation due to physical problems, and social functioning) showed no significant effect in
favor of HBE (Figure 4).

3.7. Adherence

All the included studies reported adherence to HBE except one [29]; the weighted
average of adherence was 78.48% (range 56–100%).
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4. Discussion

This review and meta-analysis is the first to systematically evaluate the effectiveness
of HBE on motor function, cognition, and QoL among patients with HD. It included seven
RCTs that investigated the effectiveness of HBE on motor function, cognition, and QoL in
patients with HD compared with control interventions. The pooled analysis results showed
significant improvements in favor of HBE in two outcomes: UHDR motor scale and general
QoL (SF-36). There were no significant improvements in the UHDR cognitive scale, balance,
gait speed, and QoL domains.

UHDRS scores are recommended for assessing the severity of motor signs in HD [30].
As the UHDRS was the primary outcome of this study, three of the included articles and
meta-analysis found that the HBE significantly improved UHDRS compared with control in-
terventions. Despite this significant improvement in UHDRS in favor of HBE, these results
should be taken with caution due to the small number of included studies and participants.
In line with our results, previous clinical studies reported a significant improvement in UH-
DRS in favor of physiotherapy interventions, including conventional exercise [10,28,31,32].
Despite these data regarding the effectiveness of exercise interventions, the results of the
previous systematic reviews and meta-analyses are controversial. For example, Playle R
et al. (2019) concluded that there is no evidence of an exercise effect on the UHDRS motor
scores [33]. However, Fritz NE (2017) reported a beneficial effect of exercise and physical
activity interventions in HD concerning motor function [7]. Our pooled analysis found that
HBE significantly improved motor function in patients with HD.

There are several possible explanations for these improvements in the UHDR motor
scale in favor of HBE interventions. First, multiple lines of evidence reported that muscle
strength is reduced in patients with HD and contributes to impaired motor function [34,35].
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It is plausible that HBE interventions have positive and beneficial effects on muscle mass
and neural drive. Second, previous studies reported a significant effect of exercise on
cardiorespiratory functions in HD [36,37]. In addition, it has been suggested that oxygen
uptake during exercise and motor functioning in HD may positively improve HD progres-
sion. Third, the average adherence rate to HBE protocols was 78%, and no side effects were
reported after HBE. Indeed, HBE programs seem more valuable in terms of cost and patient
accessibility. In addition, healthcare providers may consider the location of the HBE pro-
gram according to the patient’s preference, motivation, and available resources. Therefore,
it could be that the enjoyment of HBE is reflected in motor function improvements.

This analysis found significant improvement in overall QoL measured by SF-36. How-
ever, the pooled analysis of SF-36 domains revealed no significant improvement in favor
of HBE interventions. While there is evidence that physiotherapy interventions improve
QoL [38], this has not been confirmed [33]. Previous meta-analysis focused on supervised
and self-directed exercise for HD [33] found no significant improvement in QoL. These con-
troversial results might be explained by the poor sensitivity of QoL outcome measures [39].
Moreover, HBE interventions (in terms of duration, frequency, and intensity) might not
have been enough to influence QoL in HD. This is not surprising; indeed, there is a lack of
precise information on the disease duration and severity of patients to be included in HBE
programs. Additionally, the included studies have a high heterogeneity in types of exer-
cises, intensity, frequency, and supervision rate. We postulate that this heterogeneity may
influence the results. Future studies are recommended to provide longer duration of HBE
interventions and should consider frequency and intensity according to disease severity.

Contrary to our expectations, the pooled analysis did not detect any significant results
regarding the other parameters, such as UHDR cognitive, 10-MWT, BBS, ADS, and chair
sit-to-stand test. These results are in line with the previous meta-analysis of RCTs indicated
no significant effects from exercise on gait, balance, and cognition [33]. It is important
to mention that these results may be because of the small number of included studies
and the high heterogeneity of the HBE intervention parameters. In addition, we expect
that the included studies’ intensity and durations were insufficient to improve balance,
other gait characteristics, and cognitive abilities. Moreover, the included studies lack
the assessment of long-term follow-up; indeed, just 2 studies among the included studies
assessed the long-term effect of HBE interventions [17,18]. Thus, it’s possible that increasing
the frequency and duration of HBE interventions and assessing the long-term effect of
interventions would lead to improved outcomes. Indeed, the effectiveness of exercises on
HD progression is still unclear. Considering the nature of the disease, the role of exercise
in stabilizing or slowing down the nature of HD progression needs more investigation.
In addition, one of the important factors that may influence the effectiveness of HBE is
adherence to exercise. Despite the included studies reporting a 78.48% adherence average,
it is still difficult to guarantee full exercise adherence due to many barriers. The nature of
HD, commitment of caregivers, forgetfulness, and the boring perception of exercise may
affect the adherence rate [40]. Thus, adherence to HBE should be considered according to
disease severity and stage, especially for long-term HBE protocol. In addition, we propose
that the HBE protocols reviewed here were not adapted to HD severity and stage. Indeed,
the current available evidence supports HBE in the early and/or middle stages of HD.
Thus, future studies are recommended to select the HBE interventions according to disease
severity and disease stage. These results suggest that more clinical research is urgently
needed to understand what contexts HBE may induce an optimal effect on the gait, balance,
cognition, and QoL in HD.

Different lines of evidence confirmed the impact of exercises on both cellular and
molecular mechanisms. For example, physical exercise increases the Brain-Derived Neu-
rotrophic Factor (BDNF)-serotonin axis at the peripheral or central level [41]. BDNF has
a significant effect as a neurotrophic and neuroprotective action within the brain [42]. In
addition, the BDNF action is obvious within the serotoninergic system; thus, it improves
synaptic activities and increases the transmission in the cerebral cortex, basal ganglia, and
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brainstem [43]. The effect of exercise interventions on brain circulation should be taken into
consideration. Indeed, brain blood perfusion improves post-exercise, which may prevent
the vascular and cerebral amyloidopathy responsible for brain neurodegenerations [14,44].
Therefore, it’s important to mention that the included studies applied different types of
HBEs as aerobic strengthening, walking, balance, and fine motor exercises. We propose that
HBEs could exert beneficial effects on neurodegenerative processes in HD. More clinical
studies investigating the effect of HBE on both cellular and molecular mechanisms in HD
patients are required.

This systematic review has different limitations. The main limitation of most of
the included studies were the heterogeneous HBE protocols (intensity, frequency, and
duration) and most of the outcome measures. Indeed, this does not allow us to estimate
and recommend the ideal HBE protocol for HD. Standardizing the HBE protocol in future
studies is highly recommended. One obvious limitation is the small and limited number
of the included studies, which prevents us from performing subgroup analysis based on
supervision rate and type of exercise. Further studies are needed to clarify if the supervision
rate may influence the improvement of HBE (partial supervision vs. full supervision).
Another limitation is that the participants (mild to moderate HD) in the included studies do
not represent the general population of patients with HD. Therefore, future clinical-powered
studies are urgently required to develop appropriate HBE interventions for patients with
HD in the later stage of the disease. Finally, HD is a neurodegenerative disease with a long
course of progression. Thus, future studies are recommended to assess the effect of HBE
intervention in long-term follow-up. Despite these limitations, the quality of the included
studies is high.

5. Conclusions

In conclusion, the results of this systematic review and meta-analysis support the
clinical effect of HBE intervention on motor functions and QoL in HD. However, these
results should be taken with caution due to the limited available evidence. We recommend
that healthcare providers incorporate HBE intervention into the routine management of
patients with HD who do not have specific contraindications. Well-designed clinical studies
that consider the disease severity and stages are required in the future.

Author Contributions: The study was conceived by M.A.-W., with supervisors T.S. and J.O. con-
tributing to the design. Preparation of the original manuscript draft was conducted by M.E., with
reviewing and editing by M.K., H.H., M.A.Y., H.K. and A.N.-S. All authors have read and agreed to
the published version of the manuscript.

Funding: This work was supported by project RIDage (Center for Research and Implementation of
Strategies Supporting Healthy Aging) number 019/RID/2018/19, financed by the Ministry of Health
of the Republic of Poland.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors are grateful to the Deanship of Research and Graduate Studies—
Jordan University of Science and Technology. We want to thank Giulia di Lazzaro for her contributions
and drafting of this work.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Nopoulos, P.C. Huntington Disease: A Single-Gene Degenerative Disorder of the Striatum. Dialogues Clin. Neurosci. 2022,

18, 91–98. [CrossRef]
2. Varda, E.; Demetriou, C.A.; Heraclides, A.; Christou, Y.P.; Zamba-Papanicolaou, E. Quality of Life of Cypriot Patients Suffering

with Huntington’s Disease. PLoS Curr. 2016, 25, 8. [CrossRef] [PubMed]

http://doi.org/10.31887/DCNS.2016.18.1/pnopoulos
http://doi.org/10.1371/currents.hd.270776c4fdd7776499dd45bf47049a75
http://www.ncbi.nlm.nih.gov/pubmed/27917304


Int. J. Environ. Res. Public Health 2022, 19, 14915 12 of 13

3. Quinn, L.; Kegelmeyer, D.; Kloos, A.; Rao, A.K.; Busse, M.; Fritz, N.E. Clinical Recommendations to Guide Physical Therapy
Practice for Huntington Disease. Neurology 2020, 94, 217–228. [CrossRef]

4. Wyant, K.J.; Ridder, A.J.; Dayalu, P. Huntington’s Disease—Update on Treatments. Curr. Neurol. Neurosci. Rep. 2017, 17, 33.
[CrossRef] [PubMed]

5. Nance, M.A. Genetics of Huntington Disease. Handb. Clin. Neurol. 2017, 144, 3–14. [PubMed]
6. Quinn, L.; Busse, M. Development of Physiotherapy Guidance and Treatment-Based Classifications for People with Huntington’s

Disease. Neurodegener. Dis. Manag. 2012, 2, 11–19. [CrossRef]
7. Fritz, N.; Rao, A.K.; Kegelmeyer, D.; Kloos, A.; Busse, M.; Hartel, L.; Carrier, J.; Quinn, L. Physical Therapy and Exercise

Interventions in Huntington’s Disease: A Mixed Methods Systematic Review. J. Huntingtons. Dis. 2017, 6, 217–236. [CrossRef]
8. Mueller, S.M.; Petersen, J.A.; Jung, H.H. Exercise in Huntington’s Disease: Current State and Clinical Significance. Tremor Other

Hyperkinetic Mov. 2019, 9, 1–10. [CrossRef]
9. Khalil, H.; Quinn, L.; van Deursen, R.; Dawes, H.; Playle, R.; Rosser, A.; Busse, M. What Effect Does a Structured Home-Based

Exercise Programme Have on People with Huntington’s Disease? A Randomized, Controlled Pilot Study. Clin. Rehabil. 2013,
27, 646–658. [CrossRef]

10. Busse, M.; Quinn, L.; Debono, K.; Jones, K.; Collett, J.; Playle, R.; Kelly, M.; Simpson, S.; Backx, K.; Wasley, D.; et al. A Randomized
Feasibility Study of a 12-Week Community-Based Exercise Program for People with Huntington’s Disease. J. Neurol. Phys. Ther.
2013, 37, 149–158. [CrossRef]

11. Kamieniarz, A.; Milert, A.; Grzybowska-Ganszczyk, D.; Opara, J.; Juras, G. Tai Chi and Qi Gong Therapies as a Complementary
Treatment in Parkinson’s Disease—A Systematic Review. Complement. Ther. Med. 2021, 56, 102589. [CrossRef] [PubMed]

12. Alwardat, M.; Etoom, M.; Al Dajah, S.; Schirinzi, T.; Di Lazzaro, G.; Salimei, P.S.; Mercuri, N.B.; Pisani, A. Effectiveness of
Robot-Assisted Gait Training on Motor Impairments in People with Parkinson’s Disease: A Systematic Review and Meta-Analysis.
Int. J. Rehabil. Res. 2018, 41, 287–296. [CrossRef] [PubMed]

13. Hadoush, H.; Alawneh, A.; Kassab, M.; Al-Wardat, M.; Al-Jarrah, M. Effectiveness of Non-Pharmacological Rehabilitation
Interventions in Pain Management in Patients with Multiple Sclerosis: Systematic Review and Meta-Analysis. NeuroRehabilitation
2022, 50, 347–365. [CrossRef] [PubMed]

14. Alwardat, M.; Schirinzi, T.; Di Lazzaro, G.; Sancesario, G.M.; Franco, D.; Imbriani, P.; Sinibaldi Salimei, P.; Bernardini, S.;
Mercuri, N.B.; Pisani, A. Association between Physical Activity and Dementia’s Risk Factors in Patients with Parkinson’s Disease.
J. Neural Transm. 2019, 126, 319–325. [CrossRef] [PubMed]

15. Dolbow, J.D.; Ly, H.; Elwert, N.; Gassler, J. Effects of Exercise Environment and Protocol Intensity on the Efficacy of Rehabilitation
Care for Patients with Huntington’s Disease: A Comprehensive Review. Int. J. Exerc. Sci. 2019, 12, 456–470.

16. Busse, M.; Quinn, L.; Drew, C.; Kelson, M.; Trubey, R.; McEwan, K.; Jones, C.; Townson, J.; Dawes, H.; Tudor-Edwards, R.;
et al. Physical Activity Self-Management and Coaching Compared to Social Interaction in Huntington Disease: Results from the
Engage-Hd Randomized, Controlled Pilot Feasibility Trial. Phys. Ther. 2017, 97, 625–639. [CrossRef]

17. Reyes, A.; Cruickshank, T.; Nosaka, K.; Ziman, M. Respiratory Muscle Training on Pulmonary and Swallowing Function in
Patients with Huntington’s Disease: A Pilot Randomised Controlled Trial. Clin. Rehabil. 2015, 29, 961–973. [CrossRef]

18. Quinn, L.; Debono, K.; Dawes, H.; Rosser, A.E.; Nemeth, A.H.; Rickards, H.; Tabrizi, S.J.; Quarrell, O.; Trender-Gerhard, I.;
Kelson, M.J.; et al. Task-Specific Training in Huntington Disease: A Randomized Controlled Feasibility Trial. Phys. Ther. 2014,
94, 1555–1568. [CrossRef]

19. Quinn, L.; Hamana, K.; Kelson, M.; Dawes, H.; Collett, J.; Townson, J.; Roos, R.; van der Plas, A.A.; Reilmann, R.; Frich, J.C.;
et al. A Randomized, Controlled Trial of a Multi-Modal Exercise Intervention in Huntington’s Disease. Park. Relat. Disord. 2016,
31, 46–52. [CrossRef]

20. Cruickshank, T.M.; Reyes, A.P.; Penailillo, L.E.; Pulverenti, T.; Bartlett, D.M.; Zaenker, P.; Blazevich, A.J.; Newton, R.U.; Thompson,
J.A.; Lo, J.; et al. Effects of Multidisciplinary Therapy on Physical Function in Huntington’s Disease. Acta Neurol. Scand. 2018,
138, 500–507. [CrossRef]

21. Rodrigues, F.B.; Abreu, D.; Damásio, J.; Goncalves, N.; Correia-Guedes, L.; Coelho, M.; Ferreira, J.J. Survival, Mortality, Causes
and Places of Death in a European Huntington’s Disease Prospective Cohort. Mov. Disord. Clin. Pract. 2017, 4, 737–742. [CrossRef]
[PubMed]

22. Schirinzi, T.; Di Lazzaro, G.; Salimei, C.; Cerroni, R.; Liguori, C.; Scalise, S.; Alwardat, M.; Mercuri, N.B.; Pierantozzi, M.;
Stefani, A.; et al. Physical Activity Changes and Correlate Effects in Patients with Parkinson’s Disease during COVID-19
Lockdown. Mov. Disord. Clin. Pract. 2020, 7, 797–802. [CrossRef] [PubMed]

23. Ghahfarrokhi, M.M.; Banitalebi, E.; Negaresh, R.; Motl, R.W. Home-Based Exercise Training in Multiple Sclerosis: A Systematic
Review with Implications for Future Research. Mult. Scler. Relat. Disord. 2021, 55, 103177. [CrossRef] [PubMed]

24. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. J. Clin. Epidemiol. 2009, 62, 1006–1012. [CrossRef] [PubMed]

25. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Routledge: New York, NY, USA, 2013. [CrossRef]
26. Borenstein, M.; Hedges, L.; Higgins, J.R.H. Comprehensive Meta-Analysis, Version 2; Wiley: Hoboken, NJ, USA, 2022.
27. Higgins, J.P.T.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.J.; Welch, V.A. Cochrane Handbook for Systematic Reviews of

Interventions, 2nd ed.; Wiley: Oxford, UK, 2019.

http://doi.org/10.1212/WNL.0000000000008887
http://doi.org/10.1007/s11910-017-0739-9
http://www.ncbi.nlm.nih.gov/pubmed/28324302
http://www.ncbi.nlm.nih.gov/pubmed/28947123
http://doi.org/10.2217/nmt.11.67
http://doi.org/10.3233/JHD-170260
http://doi.org/10.5334/tohm.515
http://doi.org/10.1177/0269215512473762
http://doi.org/10.1097/NPT.0000000000000016
http://doi.org/10.1016/j.ctim.2020.102589
http://www.ncbi.nlm.nih.gov/pubmed/33197664
http://doi.org/10.1097/MRR.0000000000000312
http://www.ncbi.nlm.nih.gov/pubmed/30119060
http://doi.org/10.3233/NRE-210328
http://www.ncbi.nlm.nih.gov/pubmed/35180138
http://doi.org/10.1007/s00702-019-01979-0
http://www.ncbi.nlm.nih.gov/pubmed/30746564
http://doi.org/10.1093/ptj/pzx031
http://doi.org/10.1177/0269215514564087
http://doi.org/10.2522/ptj.20140123
http://doi.org/10.1016/j.parkreldis.2016.06.023
http://doi.org/10.1111/ane.13002
http://doi.org/10.1002/mdc3.12502
http://www.ncbi.nlm.nih.gov/pubmed/30363513
http://doi.org/10.1002/mdc3.13026
http://www.ncbi.nlm.nih.gov/pubmed/32837960
http://doi.org/10.1016/j.msard.2021.103177
http://www.ncbi.nlm.nih.gov/pubmed/34343867
http://doi.org/10.1016/j.jclinepi.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19631508
http://doi.org/10.4324/9780203771587


Int. J. Environ. Res. Public Health 2022, 19, 14915 13 of 13

28. Thompson, J.A.; Cruickshank, T.M.; Penailillo, L.E.; Lee, J.W.; Newton, R.U.; Barker, R.A.; Ziman, M.R. The Effects of Multi-
disciplinary Rehabilitation in Patients with Early-to-Middle-Stage Huntington’s Disease: A Pilot Study. Eur. J. Neurol. 2013,
20, 1325–1329. [CrossRef]

29. Kloos, A.D.; Fritz, N.E.; Kostyk, S.K.; Young, G.S.; Kegelmeyer, D.A. Video Game Play (Dance Dance Revolution) as a Potential
Exercise Therapy in Huntington’s Disease: A Controlled Clinical Trial. Clin. Rehabil. 2013, 27, 972–982. [CrossRef]

30. Mestre, T.A.; Forjaz, M.J.; Mahlknecht, P.; Cardoso, F.; Ferreira, J.J.; Reilmann, R.; Sampaio, C.; Goetz, C.G.; Cubo, E.; Martinez-
Martin, P.; et al. Rating Scales for Motor Symptoms and Signs in Huntington’s Disease: Critique and Recommendations. Mov.
Disord. Clin. Pract. 2018, 5, 111. [CrossRef]

31. Zinzi, P.; Salmaso, D.; de Grandis, R.; Graziani, G.; Maceroni, S.; Bentivoglio, A.; Zappata, P.; Frontali, M.; Jacopini, G. Effects of
an Intensive Rehabilitation Programme on Patients with Huntington’s Disease: A Pilot Study. Clin. Rehabil. 2007, 21, 603–613.
[CrossRef]

32. Piira, A.; van Walsem, M.R.; Mikalsen, G.; Nilsen, K.H.; Knutsen, S.; Frich, J.C. Effects of a One Year Intensive Multidisciplinary
Rehabilitation Program for Patients with Huntington’s Disease: A Prospective Intervention Study. PLoS Curr. 2013, 5. [CrossRef]

33. Playle, R.; Dimitropoulou, P.; Kelson, M.; Quinn, L.; Busse, M. Exercise Interventions in Huntington’s Disease: An Individual
Patient Data Meta-Analysis. Mov. Disord. Clin. Pract. 2019, 6, 567–575. [CrossRef]

34. Kosinski, C.M.; Schlangen, C.; Gellerich, F.N.; Gizatullina, Z.; Deschauer, M.; Schiefer, J.; Young, A.B.; Landwehrmeyer, G.B.;
Toyka, K.V.; Sellhaus, B.; et al. Myopathy as a First Symptom of Huntington’s Disease in a Marathon Runner. Mov. Disord. 2007,
22, 1637–1640. [CrossRef] [PubMed]

35. Zielonka, D.; Piotrowska, I.; Marcinkowski, J.T.; Mielcarek, M. Skeletal Muscle Pathology in Huntington’s Disease. Front. Physiol.
2014, 5, 380. [CrossRef]

36. Dawes, H.; Collett, J.; Debono, K.; Quinn, L.; Jones, K.; Kelson, M.J.; Simpson, S.A.; Playle, R.; Backx, K.; Wasley, D.; et al. Exercise
Testing and Training in People with Huntington’s Disease. Clin. Rehabil. 2015, 29, 196–206. [CrossRef] [PubMed]

37. Steventon, J.J.; Collett, J.; Furby, H.; Hamana, K.; Foster, C.; O’Callaghan, P.; Dennis, A.; Armstrong, R.; Németh, A.H.; Rosser,
A.E.; et al. Alterations in the Metabolic and Cardiorespiratory Response to Exercise in Huntington’s Disease. Park. Relat. Disord.
2018, 54, 56. [CrossRef] [PubMed]

38. Dauwan, M.; Begemann, M.J.H.; Slot, M.I.E.; Lee, E.H.M.; Scheltens, P.; Sommer, I.E.C. Physical Exercise Improves Quality of Life,
Depressive Symptoms, and Cognition across Chronic Brain Disorders: A Transdiagnostic Systematic Review and Meta-Analysis
of Randomized Controlled Trials. J. Neurol. 2021, 268, 1222–1246. [CrossRef] [PubMed]

39. Mestre, T.A.; Carlozzi, N.E.; Ho, A.K.; Burgunder, J.M.; Walker, F.; Davis, A.M.; Busse, M.; Quinn, L.; Rodrigues, F.B.; Sampaio, C.;
et al. Quality of Life in Huntington’s Disease: Critique and Recommendations for Measures Assessing Patient Health-Related
Quality of Life and Caregiver Quality of Life. Mov. Disord. 2018, 33, 742–749. [CrossRef]

40. Jack, K.; McLean, S.M.; Moffett, J.K.; Gardiner, E. Barriers to Treatment Adherence in Physiotherapy Outpatient Clinics: A
Systematic Review. Man. Ther. 2010, 15, 220. [CrossRef]

41. Huang, T.; Larsen, K.T.; Ried-Larsen, M.; Møller, N.C.; Andersen, L.B. The Effects of Physical Activity and Exercise on Brain-
Derived Neurotrophic Factor in Healthy Humans: A Review. Scand. J. Med. Sci. Sports 2014, 24, 1–10. [CrossRef]

42. Maltese, M.; Stanic, J.; Tassone, A.; Sciamanna, G.; Ponterio, G.; Vanni, V.; Martella, G.; Imbriani, P.; Bonsi, P.; Mercuri, N.B.; et al.
Early Structural and Functional Plasticity Alterations in a Susceptibility Period of DYT1 Dystonia Mouse Striatum. eLife 2018,
7, e33331. [CrossRef]
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